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S1. Trend and correlation analyses
The trend and correlation analysis for climate variables and the estimated potential yields was used to both corroborate the climate dataset used in the present study and identify the climatic limiting factors of winter wheat yield in Europe. The non-parametric sign test (Cox-Stuart) was used to examine the trends in the climate variables and the estimated potential yields during the period. Then these trends were compared with previous studies (Supit et al. 2010a, b) . The advantage of the Cox-Stuart test is that it is not sensitive to extreme values (Cox and Stuart 1955; Supit et al. 2010a, b) , a fact that is important since the temperature trend might be non-linear due to extreme weather conditions (Makowski et al. 2008 The correlation analysis between the average value of the climate variables and the estimated potential yield was performed to identify the climate variable and the time period with the strongest impact on yield in each grid cell. Indeed, both intra-seasonal and inter-seasonal changes of climate variables have an impact on crop yield (Rowhani et al. 2011 ). Spearman's correlation coefficient was calculated using IDL V7.0. The average coefficient across Europe was computed using the cultivated area of winter wheat as weighting factor.
S2.1 Trends in climate variables
Between 1976 and 2005, the daily mean temperature displayed a statistically significant trend to increase in large areas of Europe. However, trends had strong seasonal differences among regions (Fig. S1 ). In spring, daily mean temperature showed a statistically significant upward trend in large parts of Germany, France, Great Britain, Ireland and Spain (Fig. S1 ). In summer, this upward trend shifted to Central and Eastern Europe (Fig. S1 ). In contrast, in autumn and winter there only a few small areas were associated with a significant temperature increase. A comparable seasonal difference in the trends of daily mean temperatures in different parts of Europe was previously found by Supit et al. (2010a) , who used interpolated station data ( A seasonal and location-dependent upward trend in global solar radiation was found by Supit et al.
(2010a) whereas the radiation trends estimated in the present study were mostly not significant. We estimated global solar radiation by applying an algorithm based on the existing climate variables from the MCRU dataset, such as temperature and cloudiness (Chen et al. 2009 ). The radiation data used by Supit et al. (2010a) were computed as a function of either sunshine duration, a combination of cloudiness and temperature range or only the temperature range (Supit et al., 2010a) . Consequently, they were not based on observations, but calculated using rather simple models. Thus the trends found require confirmation against independent observations.
S2.2 Trends in potential yield
The potential yields had a statistically significant upward trend between 1976 and 2005 in northern and north-eastern Europe and the Alpine Mountain region, and a significant downward trend in Spain (extending to northern Africa) and southern Europe (Fig. S2 ). Significant decreases in rain-fed potential yield were observed in parts of Central Europe and France and a significant increase in Ireland, parts of United Kingdom, Western France and parts of the Alps (Fig. S2 ).
The potential yield thus showed a positive trend in relatively cool regions of Europe. This finding can be mainly attributed to the warming trend because crop yields in northern Europe are mainly limited by cool temperatures (Holmer 2008) , whereas in contrast yields in southern Europe are rather restricted by high temperatures and low rainfall (Reidsma & Ewert 2008 The negative trend in water-limited yields in parts of Central Europe occurred mainly in regions where irrigation is already required and implemented (Wriedt et al. 2009 ). The area with a decreasing yield trend identified here is smaller than the one estimated by Supit et al. (2010b) . This difference might be partially attributed to the different models and climatic driver datasets (Supit et al. 2010b) used in the two studies. The yields estimated by different models can strongly vary and have considerable uncertainties (Palosuo et al. 2011 , Asseng et al. 2013 . Moreover, the study of Supit et al. (2010b) was executed on a different resolution and the results were subsequently aggregated to the sub-regional level, which may also explain part of the differences.
S2.3 The correlation between the potential yield and climate variables
We explored the sensitivity of potential yield to climate variables for different periods of the growing season as well as for different regions in Europe. Different climate variables averaged over different periods of the year showed different correlations with potential and rain-fed potential yield (Fig. S4) . On the temporal scale, mean radiation from April to July had the strongest correlation with potential yield (Fig. S4.a) . On the spatial scale, radiation in spring and summer had positive correlations in most areas of Europe, while a few grids in the south of western and central Europe showed negative correlations (Fig. S5) . Mean temperature was negatively correlated with the potential yield in spring in the south-west of Europe (Spain, southern France, north of Italy), and positively in central and northern Europe (Fig. S5) . The negative correlation with temperature was extended from southern to south-eastern and eastern Europe in summer (Fig. S5 ).
The positive correlation between radiation and potential yield points to radiation as a major yieldlimiting factor in large parts of Europe. One potential reason is that the earlier start of the growing season in response to global warming (Chmielewski et al. 2004 , Menzel 2006 , Ma et al. 2011 ) leads to less available radiation at that time (Supit et al. 2010b ). The changed phenology of crops was also observed to impact yield, evapotranspiration and energy balance in the USA (Sacks and Kucharik 2011) . The duration of the growing season and the solar radiation intensity are typical climatic constraints for plant growth in the northern parts Europe (Olesen & Bindi 2002 ).
The negative correlations between precipitation and potential yield as displayed in Fig. S4 .a are not realistic since water limitation was removed when estimating the potential yield.
Precipitation during the growing season, however, showed a positive correlation with the rain-fed potential yield (Fig. S4 .b) in most regions of Europe, with the exception of the United Kingdom and a few points scattered in the Alpine Mountain region in spring and summer (Fig. S6) . On the contrary, radiation and temperature in spring and summer had negative correlations with the water-limited yield in various regions of Europe (Fig. S6 ).
The positive correlation between the precipitation and the water-limited yield observed here clearly indicates the importance of water as a limiting factors for crop growth in Europe. This finding is in agreement with a previous study, where it was shown that the intensive drought in 2003 was a major contributor to the reduction of gross primary production of terrestrial ecosystems including crops over large areas of Europe (Ciais et al. 2005) .
The negative correlations between temperatures and water-limited yield in parts of southern Europe might be partially explained by the temperature rise in spring for the period between 1976 and 2005.
This leads to an earlier leaf onset and, in turn, has the consequence that less radiation is available for crops at the start of growing season (Supit et al. 2010b ). Moreover, the temperature rise in summer can shorten the growing stage and intensify plant respiration (Supit et al. 2010b ), which will also reduce yield. 
